The long term consequences of oil exposure upon marine populations are still poorly evaluated. One particular missing piece of information relates to the link between oil exposure, individuals' ability to face environmental contingencies and populations' production and dynamics. In that context, the present paper investigates the impact of oil exposure upon fish cardio-respiratory performance, this performance being viewed as a key determinant of individual fitness. Experimental conditions replicated the contamination conditions observed during the weeks that immediately followed the Erika oil spill (west coast of France; December 1999). Sole (Solea solea), were exposed to number-2 oil for 5 days and were then challenged with an acute rise in temperature (from 15 to 30 °C at 1.5 °C h
Introduction
Coastal areas are particularly susceptible to accidental pollution by anthropogenic pollutants 3 and in particular by petroleum hydrocarbons (Halpern et al., 2008) . As far back as in the 4 1970s it was estimated that 6 to 7 million tons of hydrocarbons were introduced into marine 5 ecosystems every year (Clark and MacLeod, 1977) . Since then increased awareness of 6 environmental issues has been paralleled by the development of a large range of instruments 7 and methodologies designed to assess the consequences of these pollutions. A rapid review of 8 these tools readily shows, however, that it is the socioeconomic cost of a discharge which is 9 the most appropriately assessed while its ecological impact remains poorly grasped (Hay and It is generally accepted that there is a link between the capacity an organism to face natural 13 challenges and its ability to survive, grow and reproduce. However, despite the intuitive 14 appeal of this proposal very little evidence has been collected in support of it. In 1999 the 15 sinking of the oil tanker Erika off the western coast of France provided an opportunity to shed consisted in exploring the link between fuel exposure and fitness using semi natural tidal 10 earthen ponds as mesocosms. These population-level experiments confirmed that exposure to 11 petroleum hydrocarbon durably affected the ability of sole to cope with environmental 12 constraints. Six month after having been acutely exposed to heavy fuel, experimental 13 populations presented lower survival, impaired growth and reduced capacity to face inter- revealed that compared to control fish, fuel-exposed sole had reduced scope for aerobic 18 activity as well as markedly depressed tolerance to decreased oxygen availability (hypoxia).
19
The critical oxygen concentration (the minimum oxygenation level required to sustain 20 standard metabolic rate) was 2.5 mg l -1 in the fuel exposed fish and 4.1 mg l In a given set of environmental conditions, the ability of an organism to obtain and dissipate 1 energy is intimately linked to the ability of the cardio-vascular system to provide tissues with 2 the required amount of oxygen and nutrients (Lotka, 1922; Farrell, 2007 14 cardiotoxic effects of PAH in embryonic Pacific herring (Clupea pallasi). These authors also 15 reported a dose-dependent alteration of heart rate and rhythm and, more importantly, 16 suggested that these alterations resulted from direct effects of PAH upon physiological targets 17 in the heart rather than being the indirect consequences of developmental defects caused by 18 the exposure to PAH. To examine whether the reduction in environmental adaptation ability of oil-exposed sole 21 could have a cardiotoxic origin we compared the cardio-respiratory performance of control 22 and oil-exposed individuals. To conduct this comparison we designed a temperature challenge 23 test which was largely inspired by the protocol of Gollock et al., (2006) . In their experiment, 24 Gollock and coworkers examined how Atlantic cod (Gadus morhua) oxygen uptake at the Exposure to fuel was performed in 500 L rearing tanks covered with a polyethylene lining 13 topped with 2 cm of sand. Typically, exposition lasted 5 days and 2 fish were exposed 14 simultaneously. During that period, the water was not renewed and fish were not fed. The ) was calculated using the following formula: oxygen consumption, cardiac output, heart rate and stroke volume was estimated using multi-4 way ANOVA. The difference between control and contaminated fish in the effect of 5 temperature upon oxygen consumption, cardiac output, heart rate and stroke volume was 6 tested using one-way ANOVA. Data are presented as means ± SEM. 3.1. Oxygen consumption 11 12 Both temperature (P < 0.001) and exposure to fuel (P < 0.005) had a significant effect upon ). These changes in HR were mirrored by changes in SV which 21 followed U-shape response curve with a minimum value at 25 °C (0.35 ± 0.05 ml kg The causes of the reduced metabolic performance at high temperature are many and they have Q and HR. However, the slopes of the temperature-response curves 6 were quite different i.e., in cod Q 10 were 2.78, 2.48 and 2.12 whereas in sole Q 10 were 1.97, 7 1.41 and 1.77 respectively. The SV versus temperature relationships were also quite different. solubility dropped 30 %, it is most likely that the observed increased ∆O 2a-v was not due to 22 increased diffusion at the gill but was rather due to increased extraction from the blood. One 23 corollary to the declining venous oxygen content is, however, that the myocardium working 1 ability was probably affected (Farrell, 2007) . The heart is a terminal organ in fish circulation 2 and because of poor coronary circulation, fish myocardial oxygen supply heavily relies upon 3 venous blood O 2 content (Davie and Farrell 1991). The increased recourse to oxygen stores 4 and the associated drop in venous blood oxygen content possibly contributed to the rapid 5 decline in cardiac output at temperature above 25 °C (Fig.3) . Globally, exposure to number-2 oil resulted in lower
Q , HR and SV and, except for 10 cardiac output, all variables displayed a response pattern to increasing temperature that was 11 similar to control (Fig. 1) . The most striking consequence of fuel exposure was the lessened 12 ability of the cardio-respiratory system to maintain internal oxygen flow ( Fig. 3; solid boxes) . 13 Under acclimation condition (15 °C) fuel-exposed fish displayed lower between control and fuel-exposed groups. 
